ν N=O , -NO 2 ), 1282 (m), 1263 (m), 1119 (w).
4,4'-((1Z,1'Z)-1,4-phenylenebis(2-cyanoethene-2,1-diyl))bis(3-nitrobenzoic acid) (PV3_CN_NO 2 _CO 2 H). 780 mg (4 mmol) 4-formyl-3-nitrobenzoic acid was dissolved in 20 mL
tert-butanol at 50 ℃. 4 mL tetrabutylammonium hydroxide (TBAH, 1M in methanol) was added to neutralize the acid. 312 mg (2 mmol) 1,4-phenylenediacetonitrile was added and the yellow solution was stirred at 50 ℃ for 1 h. Subsequently, additional TBAH (0.4 mL, 1M solution in methanol) diluted by 2 mL ethanol was introduced dropwise into the mixture to initiate the coupling reaction, with the color of the mixture gradually changing from yellow to dark green.
After stirring for 1h, the mixture was acidified by 2N hydrochloric acid to generate a yellow precipitate, which was centrifuged and washed with ethyl acetate. A yellow solid was obtained after drying overnight. To completely transform carboxylate residue to acid, the yellow solid was dispersed in 10 mL dimethylformamide and 2N hydrochloric acid was added until the dark green suspension completely changed to yellow. 50 mL water was subsequently added for further precipitation. The precipitate was filtered, washed with water and dried, and identified as the S4 target product. Yield: 320 mg (31%). 1 The reaction continued for 12 h at 40 ℃, and the product was precipitated by adding 20 mL ethyl acetate, after which the precipitate was collected in a fritted funnel, washed with distilled water and dried overnight to afford a yellow solid as the final product. Yield: 28 mg (64%). 
4,4'-((1Z,1'Z)-1,4-phenylenebis(2-cyanoethene-2,1-diyl))bis(3-nitro-N-phenylbenzamide)
(PV3_CN_NO 2 _aniline) Similar method as PV3_CN_NO 2 _tripod: 31.6 mg 
Assignments of infrared modes of wire molecules
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As shown by the comparison of the FT-IR traces (1) and (2) With all other modes unchanged, this indicates that the silyl aniline remained intact upon anchoring. To confirm attachment of PV3 to the TMSA anchor, we examined both solid PV3
with aniline end groups and PV3 attached to TMSA on Pt/SnO 2 by infrared spectroscopy and XPS as presented in Figure 3a traces (3) and (4) 
Assignments of XPS spectra of embedded molecular wires
In addition to the 406.2 eV N 1s band of the nitro group observed upon attachment of the PV3 wire to TMSA anchored on Pt/SnO 2 ( Figure 3b, trace (3) ), two overlapping components at 399.69 eV (blue) and 399.44 eV (red) which arise from nitrile and amine groups 5 are seen, and a shoulder at 402.59 eV assigned to shake-up involving intramolecular charge transfer between the molecule π system (donor) and functional nitro groups (acceptor), or the PV3 π  π* transition 6 .
Ellipsometry shows that on top of the 4.7 nm SnO 2 layer is an organic layer that is 0.6 ± 0.25 nm thick, which corresponds to the TMSA height of 0.6 nm, consistent with perpendicular orientation relative to the surface. Taken together, these infrared and XPS analyses confirm that the two-step anchoring method results in the attachment of the intact wire molecules on the inorganic oxide material. 
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